Xylene has been generally used as a clearing and deparaffinizing agent in histology. Because of the potential toxic and flammable nature of xylene, its substitutes have been introduced into some laboratories. In this study, we introduced a novel, non-toxic xylene substitute (SBO), which was generated through a mixture of 86% of white oil No.2 and 14% of N-heptane. SBO had a high boiling point (188°C) and flash point (144°C) coupled with a scentless and decreased volatility. To compare the effectiveness of SBO and xylene in histology, a wide range of tissue samples from rats and human beings were processed in parallel in SBO and xylene, subjected to various staining procedures. Similar to the xylene-processed paraffin blocks, the SBO-processed counterparts were easy to section without any evidence of cell shrinkage. Assessment of the SBO-treated sections stained with hematoxylin-eosin revealed a good maintenance of cell morphology and structure, and a clear definition of the cytoplasm and the nucleus. Moreover, comparable good results were achieved between the SBO-and xylene-processed tissues in other histochemical and immunohistochemical stainings. Six-month clinical applications at one department of pathology supported the potentials of SBO as a xylene substitute. In conclusion, we suggest that SBO is a safe and efficient substitute of xylene and may probably replace xylene without losing valuable diagnostic information.
Introduction
Clearing is an important step in the preparation of histological sections, aiming to remove alcohol and other dehydrants from tissues prior to infiltration of the embedding material (usually paraffin wax). In the past dozens of years, xylene with excellent compatibility of alcohol and paraffin wax has been widely used as a clearing agent (Matthews, 1981; Pollard et al., 1987) . Laboratory-grade xylene consists of m-xylene (40-65%), p-xylene (20%), o-xylene (20%) and ethyl benzene (6-20%) and traces of toluene, trimethyl benzene, phenol, thiophene, pyridine and hydrogen sulfide. A large number of animal studies have demonstrated that being excessively exposed to xylene can cause toxicity to multiple tissues such as the nervous system, the liver, the skin, and the lung (Gamberale et Since their costs and effectiveness are still unsatisfactory, it makes the development of more novel, more effective and safer substitutes increasingly necessary. Vegetable oils (e.g. olive oil and coconut oil) have been documented to have potentials of being used as clearing agents; however, for unknown reasons, they are less effective in some cases of histological specimens compared to xylene (Piotrowska et al., 2002) .
SBO is a non-toxic substitute of xylene generated through a mixture of 86% of white oil No.2 and 14% of N-heptane. It has new features of being colorless, scentless and virtually non-volatile. Compared with xylene, SBO has much higher flash point, boiling point and ignition point, so it can greatly reduce the pollution and increase the safety and reliability when being used. At the same time, it maintains the characteristics of being soluble in alcohol and paraffin. In this study, to improve the efficiency of SBO in tissue processing, the SBO and xylene were used in parallel in the preparation of a broad spectrum of tissue sections, and their effectiveness on staining results was investigated. The aim of the study was to assess the potential of SBO as a xylene substitute for histology. Table 1 . 
Materials and Methods

Tissue samples
For pilot study, we collected a total of 80 specimens from the omentum, spleen, and kidney of 10 rats (provided by Key Laboratory of Pharmacology for Natural Products, Kunming Medical University, China). The samples were fixed for 6-8 h in 4% phosphate-buffered formaldehyde (pH 7.0), and subjected to tissue processing and paraffin embedding as described below. For large-scale tests, a total of 328 surgically resected human specimens from 8 different tissues, such as the liver, spleen, lung, kidney, and skin, were obtained from the First Affiliated Hospital of Kunming Medical University (Kunming, China). The specimens were fixed in 4% neutral buffered formaldehyde and processed as below for histological study. For each test, no less than 200 tissue blocks were used. The study protocol was approved by the Ethics Committee of Kunming Medical University, and written informed consent was obtained from each patient.
Histological procedure
Each of the specimens described above was equally divided into 2 parts, and each part was randomly 
Assessment of stained sections
All sections were coded and evaluated by experimental pathologists who were blinded to the experiments.
The criteria used for assessing section quality were the presence of folds, cracks, and artifacts. For assessing the quality of staining, we examined tissue and cell morphology and checked for the integrity and definition of cell structure.
Results
Pilot study
The paraffin blocks prepared by using SBO as a clearing agent were generally ready to section without any unpleasant odor produced. After being stored for no more than a few month, the paraffin blocks were well preserved. Assessment of the H&E-stained slides revealed that the staining results were comparable in both the xylene and SBO groups, and the cell architecture remained intact and clear, without evidence of distortion and shrinkage. SBO appeared to be more applicable than xylene in dealing with the tissues either rich in fat or vascular components.
Large-scale study
To further evaluate the efficiency of SBO in histology, a large-scale study was conducted using numerous human tissue blocks. The paraffin blocks made from SBO as a clearing agent presented with proper hardness, and were easy to be cut into 4-μm-thick consecutive sections. A thorough removal of wax was obtained in the SBO-treated slides. Representative staining results revealed similar good results achieved in both the xylene and SBO groups (Figures 1 and 2 ). There was no sign of cell shrinkage and deformation for the SBO-treated slides. A clear definition of the cytoplasm and the nucleus was observed. 
Clinical practice
SBO has been applied as a clearing agent for 6 months at the Pathological Department, the First Affiliated Hospital of Kunming Medical University. This agent was equally effective or superior to xylene when it comes to clearing, dewaxing, and sectioning. SBO was very stable, without any unpleasant odor produced and without any decomposition observed during 10 days of routine histological operations. Most importantly, the SBO-treated slides were successful used in various routine histological examinations and good staining results were obtained. With all these obvious advantages, SBO had completely replaced xylene in histology at this department for more than 2 months.
Discussion
Xylene traditionally has been employed as a clearing, dewaxing, and mounting agent for histology (Buesa and Peshkov, 2009; Chen et al., 2010) . It is well documented, however, that xylene is an environmental hazard and highly toxic to humans. Accumulating evidences indicate that being repeatedly or excessively exposed to xylene can do harm to the nervous system, skin, liver, kidney, and lung tissues ( In this study, the paraffin blocks prepared by using SBO as a clearing agent had proper hardness and were easy to be cut into ~4-μm serial sections. Assessment of the stained sections revealed a good maintenance of cell morphology and structure. The cytoplasm and the nucleus were well stained in HE. These findings are consistent with a previous report (Piotrowska et al., 2002) , Most importantly, the SBO-treated slides were applicable to various histological procedures including HE, van Gieson staining, aldehyde-fuchsin staining, Gordon
Sweet's staining, alcian blue staining, PAS staining, PASM staining, Victoria blue staining, and immunostaining.
The staining results were comparable or superior to those achieved by using xylene. Six-month clinical applications at one department of pathology support the potentials of SBO as a xylene substitute. SBO seems to have a broader range of applications than natural vegetable oils in histology, since some of the oil-processed tissues are somehow inappropriate for histochemical and immunohistochemical stainings (Piotrowska et al., 2002) .
Moreover, SBO is applicable to the tissues rich in fat or vascular components, from which a good result was not obtained by using olive oil as a clearing agent (Lyon et al., 1995) .
Although our data suggested that a comparable staining result could be achieved in the SBO-and xylene-processed specimens, the criteria for assessing it were somewhat subjective. In this study, we mainly focused on whether there was cell shrinkage, whether the tissue and cell morphology was intact, and whether the definition of the cell structure was distinct. However, it is difficult to give a clear definition of the ideal appearance of a tissue section by using microscopes. Nevertheless, our data revealed that SBO is appropriate in the clearing and deparaffinization process, and the SBO-processed tissue is applicable to various histological examinations. A long-term clinical practice suggests that SBO may be a promising substitute of xylene in histology without losing valuable diagnostic information.
